Mortality due to epidural hematoma is virtually restricted to patients who undergo surgery for that condition while in coma. The authors have analyzed the factors influencing the outcome of 64 patients who underwent epidural hematoma evacuation while in coma. These patients represented 41% of the 156 patients operated on for epidural hematoma at their centers after the introduction of computerized tomography (CT). Eighteen patients (28.1%) died, two (3.1%) became severely disabled, and 44 (68.8%) made a functional recovery. The mortality rate for the entire series was 12%, significantly lower than the 30% rate observed when only angiographic studies were available.
tive deterioration, such as delayed transportation to the hospital and delayed diagnosis, 2' 3' 5' 1~ but less consideration has been given to the specific factors that influence the outcome of patients who arrive comatose in the operating room. 34 New insights offered by computerized tomography (CT) scanning allow the establishment of clinicopathological correlations before and after hematoma evacuation which may contribute to understanding the course of comatose patients operated on for epidural hematoma and help to improve their management.
The mortality rate for patients operated on in our department for extradural hematoma while in coma dropped from nearly 40% during the pre-CT era, when angiography was used for diagnosis, to 28% after the advent of CT scanning. 5 In the present study, the influence of different pre-and postoperative variables was correlated with the final outcome in 64 consecutive comatose patients operated on for epidural hematoma during the CT period, and an attempt was made to delineate the factors conducive to decreasing mortality. Apart from more rapid and accurate diagnosis of the extradural clot and coexisting intracranial lesions, early detection of postoperative pathological changes such as brain swelling, expanding brain contusion or delayed hematoma formation, and aggressive treatment of raised intracranial pressure (ICP) may account for the better results observed since CT scanning became available.
Clinical Material and Methods
The 64 consecutive cases in this series were treated between November, 1977, and May, 1986, and represent 41% of the 156 epidural hematoma cases and 12.3% of the 520 severely head-injured patients seen on our service during this period. Although the majority of the patients had associated intracranial lesions, in every case the epidural hematoma was judged to be the predominant lesion.
Nearly 70% of the patients were admitted directly from the scene of their accident, and the others were referred from local hospitals. Transportation was always by road. Most of the patients had x-ray films of the head and neck followed by a CT scan immediately after admission. Only two patients underwent CT scanning in regional units. Four patients who were conscious upon admission had their initial CT scan performed within the next few hours, when signs of neurological deterioration appeared. In seven patients who were comatose on admission, the initial CT scan was either normal (two cases) or showed lesions different from an epidural hematoma --namely, subdural hematoma (three cases), generalized brain swelling (one case), and subarachnoid hemorrhage plus pneumocephalus (one case).
All of the 64 patients underwent surgery while in coma (Glasgow Coma Scale score of 8 or less). 39 The motor scores recorded at surgery were the worst registered before relaxation for intubation. In the majority of cases, craniotomy was performed and the bone disc was replaced. Coexisting subdural or intraparenchymal hematomas were removed at the initial operation in eight patients. Excision of bone fragments was performed in four cases. Seventeen patients underwent a second operation to remove: l) a new epidural hematoma, contralateral (in two cases) or ipsilateral but in a different location (in one case) from the epidural hematoma removed at admission; 2) a reaccumulated or incompletely evacuated epidural clot (in five cases); 3) a contusive brain focus (in six cases); 4) an intraparenchymal hematoma (in two cases); or 5) postoperative tension pneumocephalus (in one case).
Control CT scans were performed within 48 hours after surgery and at different intervals over the following days, as dictated by the clinical course and variations in ICP. The ICP was measured by means of an intraventricular catheter or epidural fiber-optic sensor in all but 10 patients who underwent operation with a motor score of 4 to 5 points. Raised ICP was treated according to a standardized protocol reported elsewhere, 2~ which includes high-dose thiopental.
The final outcome of patients was graded at least 6 months after trauma using the categories introduced by Jennett and Bond:17 good recovery, moderate disability, severe disability, vegetative state, and dead. The correlations between the clinical and pathological variables shown in Table 1 and the final outcome were assessed by the standard chi-square test. The volume of the epidural hematoma was calculated by a method reported by other authors, s'3~
Results
Forty-four patients (68%) in this series had a favorable outcome and 18 (28%) died (Table 1) . Thirteen had associated extracranial injuries that did not seem to influence the final result; the mortality rate in this subgroup was 7.6%.
Preoperative Fl'ndings and Final Outcome
The patients ranged in age from 1 to 72 years (average 28.7 years). The peak mortality rate (47%) was observed in the fourth and fifth decades of life. The mortality rate was 15.3% for patients younger than 20 years and 42.1% for those aged 20 years or older, but the difference was not statistically significant.
As for the mechanism of injury, falls were as frequent as motor-vehicle accidents and were associated with a higher mortality rate (x 2 = 4.78; p < 0.05). The course of consciousness before operation could be determined in 63 cases. The mortality rate was not significantly different in patients with lucid intervals (31 cases) and those without (32 cases). Morbidity was higher in patients who were unconscious throughout the preoperative period (46.8% disability rate) than in those with a lucid interval (25.8% disability rate), but the difference was not significant. The correlation between trauma mechanism, preoperative course of consciousness, and * Three patients with two epidural hematomas are included once. Numbers in parentheses are percentages. MVA = motor-vehicle accident; GR = good recovery; MD = moderate disability; C = conscious; U = unconscious; CT = computerized tomography. duration of postoperative coma in the 44 survivors is shown in Table 2 . Unconsciousness throughout the preoperative period was significantly more frequent with high-speed than with low-speed trauma (x 2 = 5.8; p < 0.02). The period of postoperative coma was longer in patients suffering high-speed trauma (33% vs. 8.6% of cases with coma lasting longer than 2 weeks suffered high-speed trauma). The duration of postoperative coma correlated with the quality of survival: the longer the period of coma the higher the morbidity rate.
The interval from trauma to operation was tested for correlation with outcome. The final result was significantly better in patients operated on more than 12 hours after trauma (0% mortality) than in patients operated on within 6 hours (35% mortality) or from 6 to 12 hours (33% mortality) (x 2 = 6.08; p < 0.015).
The motor score at operation strongly correlated with final outcome. Of the 17 patients who showed with~ drawal or localizing response, only one died. In contrast, death occurred in 80% of patients who were flaccid at surgery (X 2 = 15.4; p < 0.0005) and in 25% of patients who were decerebrate or showed abnormal flexion (• = 4.17; p < 0.05). Hemiparesis, recorded in 23 cases (36%), was not associated with a poorer outcome; 70% of these patients made a functional recovery.
Outcome was similar in patients who were isocoric at operation and in those who showed mydriasis ipsilateral to the clot. In contrast, the two patients (100%) with mydriasis contralateral to the clot and 82% of those with bilateral mydriasis died (x 2 = 23.2; p < 0.0005). The mortality rate was lower in patients with evidence of skull fracture on the x-ray study or at surgery than in those with no apparent fracture (• = 6.34; p < 0.05). Only 36% of patients who were injured as passengers in motor vehicles had evident skull fracture, as compared with 80% for the whole series.
The 27 patients with heterogeneous hematomas (37) 9 (20) * Data are given for 44 patients surviving epidural hematoma evacuation while in coma. Two survivors with an unknown mechanism of trauma are excluded. Numbers in parentheses are percentages. GCS = Glasgow Coma Scale. Outcome: GR = good recovery; MD = moderate disability; SD severe disability/7 * Three patients with delayed epidural hematoma formation are excluded. Numbers in parentheses are percentages. Percentages of patients younger than 20 years and aged 20 years or older who were operated on later than 12 hours were 34.7% and 2.8%, respectively (x 2 = 10.8; p < 0.002). CT = computerized tomography; ICP = intracranial pressure. The final outcome is shown in Table 1 .
(mixed high-and low-density areas on CT) had a significantly higher mortality rate (48%) than those with homogeneously hyperdense clots (11%) (x z = 5.9; p < 0.0005). The location of the hematoma did not correlate with the final result, but the hematoma size did. The mortality rate was significantly higher in patients with clots over 150 cc in volume than in those with smaller hematomas (• _ 15.1; p < 0.0005). Average hematoma volume was 67 cc in patients under 20 years old and 117 cc for those aged 20 years or older, with corresponding mortality rates of 15% and 42%.
The correlation between midline displacement seen in the preoperative CT scan and the final outcome was statistically significant only when extreme values (< 4 mm vs. > 12 mm displacement) are considered (x 2 = 6.35; p < 0.05). Table 3 lists possible factors contributing to the poorer outcome of patients who underwent operation before 6 hours or 6 to 12 hours after injury as compared to results in patients operated on more than 12 hours after injury. On the average, patients undergoing surgery sooner were older and had more pupillary changes * Numbers in parentheses are percentages. GR = good recovery; MD = moderate disability; SD = severe disability.
t Includes hypodense brain areas causing discrete mass effect located beneath the evacuated clot.
:~ Includes subarachnoid or intraventricular hemorrhage, subdural hematoma, postoperative subdural hygroma, and tension pneumocephalus.
and lower motor scores. The average hematoma volume and the incidence of clots with mixed high-and lowdensity areas on CT were greater in patients operated on earlier, suggesting more active epidural bleeding ( Figs. 1 and 2 ). The incidence of associated intracranial lesions was similar in both subgroups, but their severity was apparently greater in patients operated on soon after trauma. No lesions associated with uncontrollable ICP were seen in patients operated on later than 12 hours after trauma in whom the operative delay was due to delayed transportation from outlying hospitals (four cases), misdiagnosis (the hematoma was interpreted as a brain contusion on the admission CT scan in two cases), or initial underestimation of the role played by a relatively small epidural clot associated with generalized brain swelling (three cases).
Postoperative CT Findings, ICP Level, and Final Outcome
Forty-eight patients (75%) had some type of associated intracranial lesion, which in most cases was not discovered on the admission CT scan but was seen on a scan performed within 24 to 36 hours of the operation (Table 4) . Mortality rates of patients with and without associated intracranial lesions were not significantly different (30% and 25%, respectively.) However, it should be noted that three of four patients without associated lesions who died succumbed to medical complications and that patients with associated cerebral hemispheric swelling or multifocal brain contusions had a significantly higher mortality rate than the other patients (x 2 = 10; p < 0.002).
The correlation between the postoperative ICP level, different clinical variables, and the final outcome is shown in Table 5 . The mortality rate was significantly higher in patients with ICP over 35 mm Hg than in those with normal or moderately raised ICP (x 2 = 11.7; p < 0.001). Patients showing bilateral mydriasis, a motor score of 3 or less at operation, a large hematoma, and/or a coexisting intracranial lesion were at greater risk of presenting postoperative intracranial hypertension. * Data for 54 patients operated on while comatose for epidural hematoma. Intracranial pressure (ICP) was assumed to be within normal limits in the other 10 patients with a relatively high motor score (average 4.2) who had a normal control computerized tomography scan.
t GR = good recovery; MD = moderate disability; SD = severe disability. Numbers in parentheses are percentages.
Acute epidural hematoma evacuation in comatose patients
Low ICP was recorded in 18 patients with a normal CT scan or showing hypodense brain areas either beneath the evacuated clot or distant from it. Six of these patients died, three from a medical complication.
Moderately raised ICP was seen in 21 patients with mixed high-and low-density areas on CT scans, or, less frequently, with low-density areas or discrete brain swelling (incomplete collapse of the cisterns and ventricles) on the postoperative CT scan (Fig. 3) . In 13 patients the ICP was controlled with mannitol and/or thiopental, and eight required a second operation to remove an expanding brain contusion, intraparenchymal hematoma, or tension pneumocephalus.
Intracranial pressure was over 35 m m Hg in 15 patients with bulk enlargement of the ipsilateral (five cases) or contralateral (two cases) cerebral hemisphere, multifocal brain contusion (four cases), or diffuse brain swelling with complete collapse of the cerebrospinal fluid spaces (four cases) (Figs. 1 and 3 ). Raised ICP did not respond to high-dose thiopental in five of these patients, who died 2 to 3 days after surgery. In another four patients, although ICP at first decreased in response to thiopental, a fatal pressure rebound occurred following drug withdrawal after 2 to 3 days of normal ICP; the postoperative CT scan showed persistent mass effect. In five more patients, three of whom made a functional recovery, thiopental was maintained for 7 to 14 days until complete disappearance of mass effect (Fig. 4) . Finally, in one patient ICP returned to normal after a delayed brain hematoma located beneath the craniotomy area was removed.
FIG. 2. A: Computerized tomography (CT) scan in an
18-year-old girl who was unconscious after being injured in a traffic accident. Bilateral otorrhea and localizing response were recorded at a local hospital. On arrival at our unit 19 hours after injury, she remained comatose and showed discrete left mydriasis and withdrawal response and a motor score of 4. A hyperdense left parietal hematoma was diagnosed. At surgery a well-formed clot was evacuated; the brain was slack and no bleeding points were identified. The patient was fully conscious 7 days after surgery. B: Admission CT scan in a 10-year-old boy rendered unconscious by impact. The patient was isocoric and showed bilateral abnormal flexion responses on arrival at our unit 1 hour after injury. The scan showed a right parietal heterogeneous epidural hematoma. While in the CT room, the patient developed right mydriasis and bilateral decerebration. At craniectomy, performed 15 minutes later, a partially unclotted hematoma, much larger than visualized on the previous CT scan, was evacuated. Profuse bleeding from a torn meningeal artery was observed. The patient recovered consciousness 2 89 weeks after surgery. On the 4th postoperative day, when the motor score was 5, the patient developed severe hypoxemia (secondary to bilateral pneumonia) and the ICP rose to uncontrollable levels. At that time, this control CT scan showed complete collapse of the cisterns and ventricles.
Avoidable Factors in Mortality Group
Delayed transportation led to late removal of a large epidural hematoma in four patients who showed rapid neurological deterioration. Diagnosis was delayed at our hospital in two other patients. One of these underwent emergency splenectomy in a conscious state without having a CT scan on admission. The other was a comatose patient anesthetized for orthopedic surgery after having a normal admission CT scan, then exhibited a delayed epidural hematoma. Six patients died after improvement immediately following hematoma evacuation, five from pulmonary complications and one from fulminant meningitis secondary to basal skull fracture. No apparently avoidable factors were identified in six other patients who underwent early surgery after showing rapid clinical deterioration. Three of these patients, who were operated on for a large clot, continued in a decerebrate condition until death 7 to 12 days after surgery, although the follow-up CT scan and ICP measurements were normal. The other three patients showed multifocal brain contusion in the control CT scan and developed uncontrollable ICP.
Discussion
Introduction of CT scanning has substantially improved initial diagnosis and postoperative management of patients with acute epidural hematoma. 2-5'9'~8-2~'25' 28-31,33.34,37,38,40-42 A decrease in the mortality rate from 29% to 12% in two matched series of patients with epidural hematoma treated by us before and after the advent of CT was attributed to more rapid and accurate diagnosis of the extradural clot and better definition of the evolutional changes in associated intracranial lesions. 5 Although some conscious patients operated on during the CT period might have remained undiagnosed during the angiographic era and the hematoma might have resolved without operation, when only comatose patients treated during these two periods are compared the difference in outcome is still significant. The CT scan prevents an extradural hematoma from being overlooked or unsuspected coexisting lesions from being encountered at the initial operation (a well-known cause of adverse outcome during the angiography eraS'~~ Recognition of hematoma reaccumulation, incomplete clot evacuation, or a newly formed epidural hematoma in a different location was facilitated. In addition, postoperative sequential CT scanning led to identification of associated intracranial lesions in 48 patients (75%), the majority of whom (70%) required medical or surgical treatment for raised ICP. The presence of associated lesions has increased the mortality rate three-to fivefold in different series of epidural hematoma: the patients with poorer preoperative neurological status having a higher incidence of associated pathology. 5 
,s'l~
Likewise, in the present series, with few exceptions patients with lower preoperative motor scores had a higher incidence of associated lesions. Since virtually all the associated lesions were visible within 36 hours after hematoma evacuation, at a time when nearly 90% of the patients were still comatose, it seems advisable to perform an immediate postoperative CT scan in patients with a motor score of 4 or less at surgery. Subsequent CT scanning should depend on the clinical course, persist -FIG. 4 . This 17-year-old boy was admitted in coma 15 minutes after suffering multiple trauma in a motorcycle accident. A: Admission computerized tomography (CT) scan, performed when the patient was recovering consciousness and just before undergoing emergency splenectomy, was considered normal. B: Immediately after surgery, right mydriasis was appreciated, and this control CT scan disclosed a right temporoparietal epidural hematoma. Following hematoma evacuation, fight mydriasis was less pronounced and the motor score was 3. A control CT scan immediately after surgery (not shown) revealed swelling of the right cerebral hemisphere with marked midline displacement. High-dose thiopental needed to lower raised ICP (mean 30 to 50 mm Hg) was maintained until complete resolution of the mass effect and normalization of the midline structures by the 14th postoperative day. C: Control CT scan performed 7 days after surgery while the patient was under barbiturate coma showing persistent mass effect.
ence of a mass effect (either local or diffuse), and ICP changes. A follow-up CT scan is also recommended in severely head-injured patients with a normal admission CT scan and a skull fracture who undergo emergency surgery in hypovolemic shock for associated extracranial injuries; these patients are in danger of developing an extradural hematoma after normalization of blood pressure. 9 This sequence of events occurred in two of the 10 patients with delayed epidural hematoma in this series. Postoperative CT scans performed according to a preestablished protocol 22 led to detection of delayed epidural hematoma in five other severely head-injured patients who showed only minor intracranial lesions or no pathology at all on the admission CT scan. Unexpected ICP elevation led to postoperative CT scanning and to the discovery of a new epidural hematoma in another three patients who remained comatose following extradural hematoma evacuation at admission.
Monitoring of ICP is very useful for indicating the need for repeat CT scanning and for guiding therapeutic decisions in severely head-injured patients operated on for extradural hematoma. 4'5'2~ '26 In this series, all but three patients who failed to improve or who deteriorated unexpectedly following hematoma evacuation had increased ICP. Since most of these patients underwent surgery with a motor score of 3 or less, had a large hematoma, or showed coexisting intracranial lesions on the admission CT scan, it seems advisable to measure ICP in patients exhibiting one or more of these risk factors. Some type of expanding focal mass lesion or generalized brain swelling was seen in the postoperative CT scans of the patients with raised ICP; however, the reverse was not true, since eight patients with hypodense brain area or diminished cisterns and ventricles had normal ICP. Raised ICP was particularly difficult to control in patients with cerebral hemispheric swelling or multifocal brain contusion, which are lesions not amenable to decompressive surgery. Patients with these lesions usually showed rapid intraoperative brain reexpansion and underwent immediate CT scanning to exclude the possibility of a newly formed extra-axial hema~oma after alleviation of the tamponade effect. 9'2~ An alternative in these cases might be to make exploratory burr holes on the contralateral side before obtaining the postoperative CT scan, but our experience does not support this measure because no patients with a "pulped" brain had a newly formed hematoma. In these cases, high-dose thiopental started intraoperatively and maintained until the midline shift has resolved seems the most effective treatment for ICP elevation.
A critical issue in patients operated on for acute epidural hematoma is the coexistence of diffuse axonal injury; this usually escapes CT recognition but conditions the clinical course and surgical prognosis. 1.6.11,36,40 While new developments in neuroimaging may increase our capability to demonstrate brain damage of the impact type, 19'35 such damage can be estimated by evaluating the effect of the blow on the course of consciousness. ~~ Diffuse axonal injury that was more or less severe probably occurred in the 41 patients (64%) rendered unconscious by impact, or at least in the 32 patients (50%) who were unconscious throughout the entire course. Diffuse axonal injury is more common with high-speed trauma, x' 6' 19' 21' 22 and the proportion of patients injured while passengers in a motor vehicle who were unconscious throughout their course was significantly higher than that of patients injured in falls; the former group had more prolonged postoperative coma and higher morbidity. Skull fracture, which is relatively rare in cases with predominant diffuse axonal injury (only 5% of the cases reported by Adams, et al., l had fractures), was 2.5 times less frequent in motorvehicle passengers than in the other patients.
In spite of indirect evidence of associated brain damage due to impact in cases with high-speed trauma, most of the patients in our study apparently did not suffer severe diffuse axonal injury. In fact, only two patients (3%) showed small hemorrhages scattered through the deep white matter or intraventricular hemorrhage on CT scans (a finding suggestive of diffuse axonal injury), in contrast to 38% of patients with diffuse brain damage and 17% of cases in our severe head-injury series. 6'21 Moreover, 13 (72%) of the 18 patients who died were conscious at some time between trauma and death (10 had a lucid interval and three recovered consciousness soon after the operation), and postoperative coma lasted less than 2 weeks in 8 1% of the survivors.
It has been found that the later the clinical signs develop after injury, the better is the final result in patients operated on for epidural hematoma.10'14'~6~8'23'24 '32 The rate of development of clinical symptoms parallels the rate of evolution of lesions; neurological status at operation (a more decisive determinant of the final result) seems more dependent on the speed and volume of extradural bleeding than on total delay between trauma and operation. In the present series, which was restricted to patients comatose at operation, the mortality rate was also higher in those operated on sooner. Although we could not ascertain the interval between deterioration into coma and operation in most of the patients operated on early, it is probable that factors other than duration of the preoperative coma may account for the more favorable outcome of patients operated on later than 12 hours after trauma, since 60% were unconscious throughout the course and the others had a short lucid interval.
The observation that the patients undergoing surgery soonest after trauma (those who developed symptoms fastest and underwent surgery in a poorer neurological status) had more rapidly developing hematomas is supported by the following findings. Four patients who presented with very rapid deterioration had a much larger hematoma at craniectomy (preferable to craniotomy in these cases) than was visualized in the admission CT scan performed just 15 to 20 minutes before (Fig. 2) . The average hematoma volume was twice that in patients operated on later, and most hematomas appeared heterogeneous in the CT scan, suggesting ongoing bleeding. ~2'3' 3~' 4~ Finally, areas of unclotted blood, points of active bleeding, and markedly increased clot pressure were common surgical findings. Patients operated on later than 12 hours after trauma usually had smaller hematomas, which appeared homogeneous both on the CT scan (hyperdense) and at surgery (well-formed clots without liquid component); the underlying brain was slack and, except in two cases, we did not identify points of active bleeding in the surgical field. The role played by the epidural hematoma in the course of patients operated on later than 12 hours after trauma is uncertain. Some patients may have eventually recovered without surgery, but all except two were immediately improved by hematoma evacuation, and in three who had associated diffuse brain swelling or underlying brain contusion we recorded a very high ICP before removing small, apparently noncontributory, epidural clots. Other authors ~8 have observed that a relatively small epidural hematoma in the presence of an associated lesion may suffice to increase ICP to a critical level.
Zero mortality with acute epidural hematoma seems unattainable. Even full neurosurgical and radiological facilities available around the clock in the context of a well-run head-injury care system may not prevent catastrophic deterioration in a minority of patients with rapidly developing epidural hematoma. Kvarnes and Trumpy ~8 reported that the mortality rate reached 23% in their series of 132 patients operated on for epidural hematoma, all of whom were admitted with a delay of less than 30 minutes after injury. Three of our fatal cases were operated on within 1 89 hours of injury, and delayed transportation accounted for only four deaths. It is also difficult to avoid delayed hematoma removal in patients developing rapid extradural bleeding while under anesthesia for surgical treatment of associated extracranial injuries.
